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STABILITY OF A VISCOUS  JET - NON-NEWTONIAN LIQUIDS 

Prepared by 

R.   E.   Phlnney 
W.  Humphries 

ABSTRACT-    An experimental  Investigation is made of the stability 
of viscous Jets of a non-Newtonian fluid consisting of solutions 
of CMC   (Carboxymethyl Cellulose)   In water. 

The Newtonian fluid properties of CMC  solutions are 
correlated in terms of a relaxation time,  which can be estimated 
theoretically,  and two characteristic viscosities,  all of which 
depend only on the additive concentration. ^ 

The breakup distance    for CMC  solutions is cfemjSfi.i'W 
to the known properties of Newtonian Jets,   as well as th«»e*4'cal 
and experimental results for non-Newtonian fluids from ?th®Jw£*, 
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An experimental study of the stability of a non-Newtonian liquid 
Jet was performed at the Naval Ordnance Laboratory. 
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C Polymer concentration 

D Nozzle diameter 

L Jet breakup length 
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£p Pressure drop through nozzle 

Ap' Pressure end effect correction 
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INTRODUCTION 

A great deal of both theoretical and experimental work has been 
done on the stability of a Jet of Newtonian liquid Into an 
atmosphere of relatively low density. Some of the work dates back 
to the beginning of this century.  Grant and Middleman give a good, 
fairly recent, survey of this work In reference 1. Very early the 

parameter L/VjRe  was identified as the factor that controls the 
breakup at low speeds where the effect of the ambient fluid is 
negligible. The ambient fluid was recognized as a destabilizing 
influence which produces a maximum in the breakup length - exit 
velocity curve, and a decreasing length with velocities about this 
critical value. Beyond this qualitative understanding of the 
influence of the ambient fluid, there remain many questions, 
primarily due to a lack of a comprehensive theoretical framework 
into which to fit the existing experimental data. 

The extension that concerns us here is that Introduced by using 
a non-Newtonian fluid in the Jet. This question is prompted by the 
observation that many very viscous fluids, especially those of long 
chain organic molecules, have non-Newtonian behavior.  Kroesser and 
Middleman (ref. 2) have considered a problem similar to this. 
Assuming as a theoretical model a Maxwell fluid (which is described 
by a single relaxation time), they find a reduction in stability due 
to the viscoelastic effects.  In their experimental tests, a 
solution of polylsobutylene In Tetralin was used. The fluid was 
estimated to be operating in a region where the strain rate of 
the disturbances was low enough that the behavior was pseudo- 
Newtonian and the inclusion was that the measured decrease in 
stability was due to the elastic behavior (which produced normal 
stresses and a large expansion at the Jet exit). 

The present approach is somewhat different than in reference 2. 
Our interest is focused on a fluid which has a high enough polymer 
concentration that it shows non-Newtonian behavior, in that its 
stress-strain rate relation is definitely not linear, but where the 
concentration is low enough that no elastic effects are present. 
The approach is to investigate to what extent the new results can 
be Interpreted in terms of the well-known Newtonian case. As a 
consequence, it is not necessary to adopt a particular mathematical 
model for the variation of viscosity since it is measured for the 
range of interest. Also,no attempt is made to generalize the theory 
since it is Intended to explore to what extent the existing theory 
can be used. 
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PREVIOUS RESULTS

The low-speed p- rtl ti * f the breakup curve is well understood 
since there are bith the retical and many experimental results, 
and they agree. A d sammary ■ f previous work for a Newtonian 
fluid !s given by Grar.t and Middleman, reference 1. As the speed 
increases, the effects < f the ambient fluid become more important 
and three new parameters, ambient density, viscosity, and 
relative velocity, are intr duced. The ambient fluid reduces the 
stability, which causes a peak In the breakup length-exit velocity 
curve. Since the stability theory becomes even more complex when 
the ambient effects are intr duced, there have been no theoretical 
results to date. The n.atter is further complicated by the fact 
that the n de f instability may change near the peak, or may even 
be different as some parau.eter i f the ambient fluid changes. This 
lack f the-retical results has left the interpretation of the 
experimental data in confusl n. Most ■ f the experimental data In 
the literature are fi r standard atmospheric conditions surrounding > 
the Jet. Penn and Middleman (ref. 3) have a systematic set of 
experiments investIgatIng the effect of changes In ambient density, 
but are unable to solve the corresponding mathematical equations 
to provide a theoretical comparison.

In a previous paper (ref. 4), an electrical method for measuring 
the breakup length is described and applied to a Newtonian fluid.
The data compare well with previous experiments In which the 
breakup length Is recorded photographically. The apparatus and 
technique described in reference 4 are applied here to a 
non-Newtonlan fluid (carb xymethylcellulose, CMC, In water with 
table salt added to Increase electrical conductivity).

Non-Newtonian fluids are frequently characterized by a power 
law relation between stress and strain rate, which usually works 
over a restricted, but often large range of shear rate. This 
relationship overlooks what turns out to be an essential feature. 
Namely, It is kn-wn that at both low and high shear rates these 
fluids usually have pseudo-Newtonian tails with apparent 
vlsc^ 8ities, u, and u„» respectively. For an up-to-date discussion
concerning the viscosity of polymer solutions, see references 5 
and 6, together with their cited references. Frequently, the low 
shear viscosity, is much larger than u^. To see that is

Important even if the fl w at the Jet exit Is well into the 
non-Newtonian region, the following argvunent can be used: When the
am.blent conditions can be neglected, the velocity profile In the Jet 
quickly becomes uniform after the exit. The uniform velocity profile 
implies no shear stress so that the only stresses that exist are thos*» 
due to the small disturbance velocities themselves. These 
disturbances have such low shear rates that they are often In the 
pseudo-Newtcnlsr. region though the flow In the nozzle obviously is not.

Although some eff<rt has been made in the past to find an analytic 
description for the viscosity behavior of a non-Newtonian fluid, see
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references 5 and 6, It Is not necessary for us to use this since we 
Intend to relate the breakup characteristics to the experimentally 
determined values.  Also, the nozzle flow velocity Is measured 
(not calculated from the viscosity) experimentally so that the 
apparent viscosity can be determined from it. 

EXPERIMENTAL PROGRAM 

A complete description of the apparatus is given in 
reference 4 and the Important details are given below.  The supply 
system for the various nozzles consisted of a high-pressure cylinder 
with a polyurethane piston which is driven by compressed air.  The 
piston was found to cause no measurable pressure drop and showed 
no signs of sticking or chattering. The supply system was shock- 
mounted and the supply pipe diameters were large so as to reduce the 
input disturbance level to the nozzle. 

All nozzles were constructed of glass capillary tubing to 
insure a smooth Interior surface and to permit the measurement 
of diameter along their entire length. The orifice plates were 
constructed of stainless steel shim stock and the hole diameter 
was measured in four different directions to Insure that the holes 
were circular.  The dimensions of both the pipes and orifices are 
given in Table I. 

The electrical system used to measure breakup distance is 
similar to that of reference 7. Electrical conduction through 
the jet operates a gate circuit which in turn measures the 
percentage of the time that the Jet is broken. The breakup distance 
is defined in this study to be the point where the Jet is broken 
50 percent of the time. On the basis of a few measurements. It was 
found that the probability for breaks occurring in the Jet is nearly 
Gaussian, which Implies that the 50 percent point is also the most 
probable position for new breaks to start. 

The solutions used were mixtures of high molecular weight, 
(high viscosity) carboxymethylcellulose (CMC) with water to give 
the desired viscosity, and with table salt added to give the 
conductivity necessary,to operate the electrical circuits. The 
density was 1.04 gm/cnr5 for all solutions, except No. 117 for which 
it was 1.08. The other physical characteristics of the test 
solutions are given in Table II. 

The mass flow rate was determined for each nozzle as a function 
of pressure by collecting and measuring the Jet output for a measured 
time.  Prom these measurements, the apparent viscosity and shear rate 
can be calculated. 

As is pointed out in Chapter 5 of reference 8, if the pipe flow 
is laminar and time independent, then a universal curve Is produced 
for each fluid if the apparent viscosity is plotted versus the apparent 
shear rate. If the tube is relatively short, then an end correction 
must be applied to the measured pressure drop as In the case of 
Newtonian flow. This problem is considered in detail later.  The 
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apparent shear rate Is defined as, y, 

y   = 8U/D (1) 

which Is the shear rate at the wall for a Newtonian fluid. The 
corresponding value of the apparent viscosity, u0, is 

"a-(^)/(¥) W 
Reference 7 (page 30) points out that the theoretically interesting 
relatim between local shear rate and local stress level can be 
obtained from the "apparent" values through a prescribed 
manipulation, provided a sufficient range of the curve has been 
measured.  For convenience, however, the data will be retained In 
terms of the apparent values since they are defined through the 
measurable quantities such as U, D, and L. 

One further simplification can be made before the fluid data 
Is presented. It has been found (see ref. 5) that for dilute 
polymer solutions, the effect of concentration upon viscosity can 
be presented in a convenient nondltnensional form.  Strictly speaking, 
the method of reference 5 should be applied to the local stress and 
strain rate data, but we will use the method with the apparent values. 
The essence of reference is that there are three parameters, ii0, 
li , and T, (which are functions of concentration) which allow all the 
viscosity data to be presented as a universal curve of 
(u. - u )/(u„ - u ) vs TY. This should correlate all data for all the 
dilute polymer solutions, and all shear rates, Y- The data for the 
CMC solutions are given In Figure 1, while the best fit values of 
ia and \im  are given in Figure 2. The symbols are defined in 
Table III. Dataware taken over as broad a range of shear rates as 
practical with the cylindrical nozzles. A Brookfield viscometer was 
used to help fill out the low shear rate tail of the curve that 
defines u .  The parameter, T, has the dimensions of time, and can be 
called a characterlsclc time or a relaxation time. Figure 3 shows 
the best fit values of T as obtained from the viscosity data, as 
well as a theoretical estimate of r„  from the theory of Bueche 
(see ref. 5 or 6) 

T 12 ^ 
B ^ ^5 CRT (3) 

where M is the mean molecular weight of the polymer, C is its 
concentration, u Is the zero shear rate limiting value of the '    o 
viscosity shown in Figure 2, R is the universal gas constant, and 
T is the absolute temperature.  As discussed in reference 2, the 
theories used to calculate relaxation time are not very sophisticated 
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nor very accurate, but the different theories do seem to agree In 
broad terms, and they do provide a convenient guideline for 
comparison.  In the absence of experimental data, reference 2 
uses equation (3) to calculate T. 

In addition to using the flow rate curves to define the fluid 
properties, they were used as velocity calibration curves for the 
nozzles. This technique was used for both the nozzles and the 
orifices since It is inconvenient to Intersperse weight flow and 
Jet breakup measurements, and since the supply pressure is 
monitored during all tests. 

Although It is conceptually very simple to use the pressure 
velocity curves as velocity calibrations, there are some practical 
problems. The primary problem is to obtain a curve fit of 
sufficient accuracy over a broad range of pressure and velocity. 
The following method appeared to be a good balance between accuracy 
and needed computer time. 

First, the nozzle pressure drop, flow-rate data were correlated 
using a least squares curve fit of the form; 

K^-iUH?)]1"1 

where the A^'s were undetermined coefficients and Äp was the 

pressure drop corrected for end loss effects, i.e., 

APC - AP^AP' (5) 

where 

^p' = C(pU2/2) (6) 

and where C depends upon the local value of the slope of the In 
(D(üpc/4L) vs ln(8u/D) curve (see refs. 4 and 8).  In the process 

of taking length breakup data. It was necessary to determine U 
from the above relationships between Ap and U. This was done, 

using a "false position" iteration method (ref. 9), to solve for 
the roots of the equation, 

f(U) - 0 (7) 

where 

f(U)=ln(^) -ln[^(|cpU2+iPc)]     (8) 
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and 

Re'   = pUD/[(Dapc/
i+L)/(8U/D)] (9) 

Usually four to ten iterations were needed to converge to a 
solution for U accurate to four figures. 

For the orifice data, a pressure drop average velocity least 
squares,curve was obtained in the form 

(10) 

a Reynolds number. Re', was obtaineJ by making use of equation (4), 
the measured pressure drop, ip , and the calculated mean velocity, 

U, from equation (10). 

where 

or 

Re' ■ pUD/u- 

(DAp /4L)/(8U/D) 

(11) 

(12) 

n        in 
Ua = exp^ + (A2-l)ln(8u/D) + E A1ln(8u/D)

1'1J (13) 

This gives a Reynolds number for the orifice that is equivalent to 
the nozzle Reynolds number. The error of all the correlations 
was of the order of five percent or less. 

RESULTS 

As discussed previously, the low-speed portion of the breakup 
length-exit velocity curve has been extensively studied for 
Newtonian fluids.  It is found that L/D,y^e is constant for each 

nozzle-fluid combination.  Since this combination of parameters 
does not involve viscosity, there is no problem about carrying 
It over to the non-Newtonian case. 

Experiment plus the analysis of Weber (ref. 10) both indicate 
that the parameter, L/D,;Ve, should be a function of the viscosity 

of the Jet through the parameter, Z. All the complications of the 
non-Newtonian case come in the definition and use of the parameter, 
Z. We observed that even if the exit flow is well into the 
non-Newtonian region, the amplifying disturbances are pseudo- 
Newtonian. Hence, the Jet stability should depend (to a large extent) 
upon the asymptotic viscosity at very low shear rate, uo. In 

Figure 4 is seen the result of plotting L/D^¥e vs Z0, where 
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Zo = V0/.japT>-     Note that each point in Figure 4 represents a fluid- 
jet combination for which a series of tests were run (the 
experimental results are tabulated in Appendix A). For each 
combination, a "best fit" slope is obtained and plotted in Figure 4 
against the corresponding value of Z for the test. 

It is seen that both the orifice and pipe data deviate from 
the Newtonian experiments to an Increasing degree as Z  Increases. 

This difference can be explained on the basis that the data for 
large Zo corresponds to high CMC concentrations for which the 

relaxation time is longer.  With longer relaxation times, the 
product, T^, is larger, and, &s is seen In Figure 1, the departure 
for the pseudo-Newtonian behavior may progress to the point where 
the unstable disturbances may not be characterized by u > but 

by a somewhat lower value of u, and, consequently, a lower value 
of Z.  The above argument leads to the conclusion that the points 
with large Z should be shifted to the left along the Z scale, 
which is in the direction of the Newtonian data. 

An empirical relationship betv/een the exit shear rate and that 
of the disturbances can be Introduced to account for this shift 
in Z.  Through the flow curve in Figure 1, the shear rate, <t, 
characteristic of the disturbances can be found from the value of 
u necessary to shift the points In Figure 4 back to the Newtonian 
curve.  It is found that this shear rate is on the order of 

10  times less than the maximum shear rate at the nozzle exit. 

An alternate way to analyze the results is to compare t'.em to 
Kroesser's theory (ref. 2).  He claims that u Is close enough to 
H0 that only Zo need be considered.  The effect to be expected is 

that the viscoelasticity destabilizes the Jet, shortening L. He 
looks for a shift in the vertical direction in Figure 4, instead of 
in the horizontal. When the data are presented in coordinates 
suitable to Kroesser's theory, we get the plot of Figure 3,  which 
correlates the data reasonably well. 

Because of a lack of data concerning the fluid properties 
used in reference 2, it is difficult to verify his conclusions 
concerning the use of uo, or to attempt a closer correlation of 

the two sets of data.  One might expect that what Kroesser terms 
viscoelasticity (and elasticity number), and what we call 
non-Newtonian behavior are,in fact,the same phenomenon described 
by the parameter, T, which is either a relaxation time or a 
characteristic time, depending upon the point of view. 

One area that was not explored in any detail, in either 
reference 2 or the present study, is the magnitude and the effect 
on stability of normal stresses in the fluid.  Kroesser measured 
the effective Jet diameter some distance after the exit, and used 
this in the data reduction in place of the Jet exit diameter. 
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He found effective  diameters almost three times the exit diameter 
in some  cases.     In  our study,  the diameter correction was not 
made because  it was  not measured and no empirical correlations  exist. 
However,   the change  appeared to be  small  for all  cases  that were 
tested.     Diameter changes  smaller than those measured by Kroesser 
should have been obvious   in the present  experiments  If they existed. 

A useful set of tests that, unfortunately, were not included in 
the present series,is a variation in nozzle length.    Length would 
have no  effect  <>r. a Newtonian fluid,   but would produce  different 
levels  of normal stress at the exit  in elastic  fluids. 

Appendix A includes the data presented in the figures.     In 
addition,  this appendix also Includes data around the maximum 
breakup distance,  as well as beyond the peak.   These data are 
made available  In the hopes that a method will be  found to cor- 
relate  them        At the piesent time,  no theoretical framework 
exists  in which to present the data,  and,  hence,   it is not 
plotted  in graphical  form. 

After this  report was  largely completed, the author    became 
aware of references  11 and 12.    The theory developed in reference 11 
agrees with Kroesser and Middleman,   reference 2,   in predicting that 
the effect of viscoelastlcity should be to destabilize the  Jet. 
The experiments of references 11 and 12 show photographs of 
viscoelastic jets that contradict theory and the experiments of 
reference 2.    The pictures  show that the  Jets begin to break  up 
as Newtonian Jets do, with axisymmetric disturbances of increasing 
amplitude.    When the disturbances become large,   it is  found tnat 
the small filaments  connecting droplets do not break as they do 
with Newtonian fluids.    This  filament remains  intact far beyond 
the point at which the equivalent Newtonian Jet would break.     In 
other words,   instead of being less stable as predicted,  the 
viscoelastic  fluids  could be interpreted as being more stable. 
The theory and experiments  do not necessarily contradict eacn 
other,  however,   since at the point where the filaments  form 
the disturbances are far past the  infinitesimal level assumed by 
the theory.    In addition,   amplification rates are not measured in 
the experiments  so that a direct check of the theory is not 
available. 

The  interpretation of the present experiments is somewhat 
confused by references 11 and 12.     Since photographs were not 
taken with the present experiments,  the long filaments connecting 
the droplets prior to breakup  were not observed.     It must be 
assumed that the  filaments were present, although they were not 
observed directly.     It is probable that the electrical apparatus 
that was used  in the present experiments would count the filament 
as a broken Jet  instead of continuous.     The reason for this  is that 
the electrical resistance of the filament is many times greater than 
the jet  since  its diameter is much smaller. 
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The basic problem is that if the gate is made too sensitive, 
then it responds to strong currents and other noise-type inputs. 
It is also hazardous to increase the signal voltage from the jet 
by increasing the power supply voltage. 

The present experiments can be interpreted as follows:  If tne 
term "broken" is taken to mean a large reduction in cross-sectional 
area of the Jet, instead of the final disruption of the small 
filament connection droplets, then the stability of viscoelastlc 
Jets Is more easily identified with the theory and with the 
Newtonian results. 

The complete explanation for apparent disagreement between 
the present results and reference 2 on one hand, and references 
11 and 12 on the other, remains to be cleared up. 
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TABLE I 

DIMENSIONS OF PIPES AND ORIFICES 

Nozzle 

x 

2 

3% 

2a 

la 

Diameter Length 

0.125 17.845 

0,05041 7.43 

0.1029 <0.005 

0.0664 <0.005 

0.0372 <0.005 

Material 

Glass 

Glass 

Stainless 

Stainless 

Stainless 
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TABLE II 

FLUID  PROPERTIES 

Sol.   No. 
CxlO3 

gVg" 
a 

dynes/cm 
uo 

poise poise 
TXIO3 

sec 

102 7.93 73-8 2.3 0.060 8.095 

10? 2.64 69.5 0.092 0.022 1.030 

107 2.6k 75.4 0.1 0.021 0.567 

109 7.94 75.05 1.5 0.052 6.07 

110 10.57 73-95 6,2 0.051 18.89 

111 6.08 73-55 0.6 0.032 1.889 

112 5.81 75.0 0,44 0.039 1.790 

115 8.98 74.0 2.8 0.058 9.71 

117 10.85 76.0 5.6 0.058 9.71 
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TABLE SYMBOLS 

SOLUTION 
NUMBER 

SYMBOL 
NOZZLE 

#1 
SYMBOL 

NOZZLE 
#2 

SYMBOL 

ORIFICE 
#3 

SYMBOL 

ORIFICE 
#4 

SYMBOL 

ORIFICE 

SYMBOL 

102 O 9 © 9 
103 D a 0 
107 ^ 4 A ^ ♦ 
109 y V     J V y 
110 0 ♦ ♦ p 
111 o Q e ^ V 
112 0 < ^ ^ « 
115 0 ► ^ * !> 
117 o « * * 4> 
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Tablo  IV* 

SI I.Ul ITN   NUMUM       107 

L/t D   «CK/SK» 

:^;!     VXil     5:"«cc      : 

Table IVb 

SCLUt ICN  NUMP£-<      IC2 

CHIFICI weeR     2a 

(.HESS   »fSI»                   i/c "   ILK/SKI h 

I.C60E   Ol               ^.F'Mt  »? y\l\  " '-JJII  JJ 
I. »OOt   01               5.»7Bt  02 B.-.J^t  C2 ylUl   c» 
l^OE   01               5.810E  0? ».J6*IC2 *•""" 

.tuE   01               6.VME  02 I..;2CC  C ^^   C2 
.-.M.t   01               7.««IE  0? .Ill  C3 [.11«   Cl 

?/.J,;üJ51      «.^"' i-c"!" J-ul" 
-.oOOfc   01                1.12«  Oi .'021  C2 2.U«   C3 
i.f.OoE   01              l.l^E 01 I.»21« C3 2.*«t   CJ 
o   It   01                l.2l*E01 l-'?*1« fiJSIJl 
T.rOGE   01               1.2-» »t 01 I.   »SC C3 3.5S«  C3 
H./Ooe   01               1.101E  OJ 2.M«I  C3 *.«C5E   C3 
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Table IVc 

SlLUIICN   NUMbt<      1C3 

Killll   NUfHER I 

PHESS   (FSI) L/C U   (CV/SEC) 

l.i'BOt Ül «.?OüE 01 b..t7E   Ci 
1.480E 01 <i.^llE 01 '>. .3 IE   C2 
3.80UE 00 1.011E 02 1.7S?E   C2 
t>.l!0Üc 00 q.o^'iE 0 1 2.?S4E   C2 
b.sooe ÜO 5.6Ü6E ni 2. .1<£   Ci 
l,*QOt 00 5.'J21E 01 3.'2tE   C2 
B.'JOOE 00 5.6Ü?E Ül 3.70*E   C2 
H.-iQOE 00 %.«<•!£ 01 A.i.TtE   C2 
J.O0.)E 00 «.oioe 01 l.'itli   C? 
3.bOOt Uü 8.H41E 01 1.-7>E   C2 
4.^0üt 00 1.088E 02 2.':87£   C2 
A.COüE 00 1.03/E 02 l.teCE   C2 
i.'iOOE 00 8.76?E 01 2.,:C2E   C2 
I.OOük üü •>.b/«E 01 3. 1 WE   C2 

5.17CE C2 
«."äi^E C2 
6.CUE CI 
s.ecsE CI 
1.5EJE C2 
2.C52E C? 
2.557E C2 
3.C9£E 02 
3.S72I= CI 
5.2CJE Ct 
6.USE CI 
6.5e3E CI 
l.mE C2 
i .HI it 02 

Table IVd 

SCLUTICN   NUMBER      IC7 

IKIFICE   NU^BEK la 

PHESS   IfSII L/C U   (CM/SEC) h 

J.OOOfc 01 2.»0lf U2 l.^E C3 l.2tCE 

Ö.IOOfc Ül ).d4<>E 02 ?.i;l*:l C7 2.1SSE 

«.tO'lt 01 3.1IHE 02 l.76<;£ C3 l.6StE 

r.oooE 01 3.8<i4E 0 2 2./3IE C3 2.tS7E 

l.OSuE 02 *.H*E 02 7.ftl*E 03 3.7CtE 

1.310E 02 *.7e'>E 02 2.^2*1 C? t,.tiii 

l.c.BÜfc 02 5.027E 02 3.iliE C3 5.S««E 

2,0406 02 l>.43üE 02 3.Mt£ C3 7.17«E 

i.<.3i»E U2 S.M33E 0? 3.W5CE C3 e.«5?E 
3.080E 02 6.2(>U 02 «. "in C? l.C^tE 

3.SODE 02 b.'i'i'it 02 A.t5IE C? 1.172E 

j. >s«e 02 6.(>3'.E 02 <i.^2CE C? 1.3IIE 

4.47üE 02 7.231E 0 2 5.,*^ C3 1.4SCE 

M. ibOt 02 7.J3)£ 02 5.1B7E 03 l.esiE 
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Table IVe 

SCLUTICN   NUMBER      1C3 

NCZZLE   NUMRtR 2 

PKESS   (PSD 

i.65ue 01 ö.vnt ui 3.joeE cz \-\t]l " 
1.90ÜE   01 a-i?tif   01 A.'ieeE   C2 l.SCCfc   a. 

i'.UOt 01 e^JlE   01 -i.-'TSE   C2 2.11«   C2 
2.'j<i0t 01 
^.T^Ofc 01 
^.9706 01 

b.OOilt   00 5.'.6?E   Ü1 1-7?I!   ?? ?*"!!   A 
9.600E   00  " 

l.28()t   01 f.'i'.lE   Ul 2"?^   5? !*"-c   r. 
1.460E   01 -    . - -^   «- o   «r .L. 

i.not oi 

UWOE   01 9^?Ae   Ul «.-il^E   C2 l.^HE   C2 
i.eoüt oi 
l.^öOE 01 
^.lOUE 01 
i.üüUt 01 
3.S0UE 01 
4.200E 01 
A.SUÜt 01 
■j.cioot oi 

L/C Ü   (CM/SEC) 

ö.vnt Ul 3.J0tE   d 
9. la'.E 01 <..<.6e£   C2 
9.0266 01 4.n3E   02 
8.431E 01 •)..'7SE   C2 
7.7WE 01 0.üe6E   C2 
7.34(iE 01 6.;2'E   C2 
ö.iASE 01 6.72SE   C? 
4,ü7»E 01 1.«HE   C2 
5.'.6?E 01 1.78fE   02 
b.b^ie 01 2.ieSE   C2 
6.7A8E 01 a.sasE C2 
7.'i'.IE Ul 2..8fcE   C2 
8.333E 0 1 l.'.AJE  C2 
9.325E Ul t.CAit   C2 
9.32'. E 01 4.13a   C2 
9.'.?Ae ul «.T1*E  C2 
9.42^E 01 4.24AE  02 
9.32AE 01 A.602E   C2 
9.126E 01 A.'.12E   C2 
6.745E Ü1 6./8?E   C2 
S.753E 01 7.t7?e  C2 
•>.158E 01 8.f77E   C2 
S.IIBE 01 9.38IE   C2 
5.7«^ ul l.jin  C3 

2.6016 C? 
3.CCEE C2 
3.AC2E C? 
1.5C26   Cl 

8.9C2E Cl 
1.22EE C2 
1.2f2E   C2 

1.354E C2 
1.5SIE C2 
I.CIIE C2 
3.«IE C2 
A.42<iE C2 
5.S21E C2 
£.612E C2 
I.SC3E   C2 
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Table  IVf 

SCLUT ICN  NUKtfcK      1C7 

hCllLf.   NUMtL« ? 

RESS   (PSII L/C U   (tf/SfcC» b> 

1.170E 01 5.Ö15E 01 2. !5IE C2 3.e7EE   CI 

l.^SOE 01 e.07/E 01 2.!37E C2 6.C52E   CI 

I. /20E 01 9.18SE 01 a.^otE C2 fi.fc2«E   CI 

2.02ÜE 01 I.Ü71E 02 A.llCE C2 l.ltSC   C2 

2.^80E 01 l.lr)OE 0 2 A.tUE C? l.'.SiC   c? 

2.60ÜE 01 1.18HE 0 2 5.?2';E Ci l.Sl^E   C2 

2.'iO()E 01 1.182E 0? 5.mE C2 2.357C   C? 

2.70Ot 01 l.lyOE 02 5.'.ltE C2 2.C57E   02 

Z.SAOE 01 1.192E 02 5.11CE C2 l.e32E   C2 

2.^40E 01 i.Hoe 02 «..SISE C2 I.eSIE   C2 

2.30Ufc 01 LlhbE 02 «.t5CE C2 1.5176   C2 

1.3ÖUE 01 7.Hl9t 01 2.7APE C2 5.2set CI 

9.000E 00 5.1«<.E 01 l.T'.^E C2 2.13IE   CI 

r.UOUE 00 3.23BE ni 1.29?E Ci 1.172E   CI 

f.'JOOE ou «.MU Ul i.'.nt C2 l.<.CCE   CI 

8.lOOk 00 3.088k 01 LSA^E a 1.672E   CI 

3.200E 01 l.?A?E 02 b.}m Ci 2.E31E   C2 

3.60UE 01 1.2'J3E 02 7.l.«^E Ci 3.AE1E   C2 

3. /OUE 01 1.272E 02 7.21CE Ci 3.t53E   C2 
4.300b 01 l.3<.3k 02 8.233E Ci <..754E   C2 

b.OOOE 01 1.418E 02 9. «)?t C2 t.lSiE   C2 

5.600E 01 1.<K>«E 02 l.u3J£ CI 7.5«3E   C2 

6.00UE 01 l.bOOE 02 l.(;97E C3 e.43^£   C2 
7.000E 01 I.'JVIE 02 1.'^i6 C3 i.ce3E C3 
8.Ü0OE 01 1.698E 02 l.Jfl^E C3 I.34^6   C3 
9.20ÜE 01 l.d?OE 02 l.''5CE C3 l.teti   C3 

i.uoot 02 1.960E 02 i.(5eE C3 1.S2SE   C3 
1.220E 02 2.240E 02 1.427E C3 2.6C?E   C3 
l.iSOE 02 2.<t82E 02 2..;7SE C3 3.C3CE   C3 
1.510E 02 2.630E 02 2.?6LE C3 3.5e3E   C3 

1.69ÜE 02 2.771E 02 2.ASSE C3 «^ACE   C3 

1.900E 02 2.922E 02 2.'.8'1E C3 5.C52E   C3 
2.150E 02 3.063E 02 2.<33E C3 6.C3AE   C3 

2. UJE 02 3.158E 02 3.I3<;E C3 t.SIZE   C7 

2.650E 02 3.267t 02 3.39tE C3 e.C77E   C3 

3.060t 02 3.J98E 02 3.75;E C3 9.e73E   C3 

3.350E 02 s.^e^E 02 3.:)9^E C3 1.12CE   C<. 

3.940E 02 3.hl6E 02 A. i. 7 ^ E C3 I.AC5E   C« 

<».rj60t 02 3.79^E 02 'i.'iACt C3 1.712E   C« 

&.000E 02 3.936E 02 ^.:5AE C3 1.93eE   C* 



NOLTR 71-12? 

Table  IVg 

SCUJI ICN   NUMEe«      107 

CHIFICE   NUfbFR   2a 

PKtss (Fsn L/C U   (CM/SEC) h 

j.oooe 00 1.6I6E 02 1.0I7E C3 I.CC1E C3 
l.MOE 01 1.922E 02 1.069E C3 1.10« 03 
l.^OE 01 2.12AE 02 1.12?E C3 1.21SE C3 
1.600E 01 2.080E 02 I.I69E C3 1.322E 03 
1.670E 01 2.b39E 02 i.ieic C3 1.3SCE 03 
2.2006 Ul 2.717E 02 l.27^E C3 1.57CE 03 
2.r.0üE 01 2.87Bb 02 1.3266 C3 1.7CCE 03 
2.'»50E 01 3.1A9E 02 1.402E 03 1.9CIE 03 
i.-'OOE 01 3.387E 02 X.WAt C3 2.CUE 01 
3.900E 01 3.77ÜE 02 l.SSEE 03 2.346E C3 
i.oooe 01 3.935E 02 1.7326 03 2.9CCE 01 
6.100E 01 4.l'i7E 02 1.897E 03 s.^ecE 03 
f.lOOE 01 ^.4??E 02 2.09 ;E 03 4.251E 01 
S.'>OUE 01 <i.727E 02 2.162E 03 5.39!E 03 
1.140E 02 5.07,)E 02 2.P17E 03 7.67;E 03 
1.63ÜE 02 5.392E 02 3. I0SE 03 9.34EE 03 
1.92 0E 02 5.8«3E 02 3.Ü67E 03 1.C97E 0« 
2.<>5üfc 02 6.370E 02 3.77CE 03 l.37!E C 
3.U80E 02 6.491E 02 A.17;E 03 1.684E C* 
J.bOOE 02 6.401E 02 «.'IISE 03 i.eesE 0« 
3.7506 02 6.29i>E 02 t.btlt 03 2.CUE 04 
<i.OOUt Ü2 6.20SE 02 «.7166 03 2.1936 c* 
t.^Süt 02 6.08AE 02 5.10feE 03 2.?21E 04 
<.. noE 02 6.a24E 02 b.27PE 03 2.7S7E 04 
2.63ÜE 02 6.3<iHE 02 3.P92E 03 1.46SE 04 
2.95üt 02 6.378E 02 4.U9AE 03 1.621E 04 
3.J20E 02 6.29SE 02 4.3KE 03 i.eccE 04 
3.'->4üE 02 6.235E 02 <i.«43£ 03 1.9CSE 04 
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Table IVh 

SCLUTICN   NUMEEK      1C9 

NCZZLE   NUHEER I 

PRESS   ipsn 

1.650E 01 
1.900E 01 
2.150E 01 
2.470E 01 
2.900E 01 
3.400E 01 
4.000E 01 
5.000E 01 
S.bOOE 01 
6.60ÜE 01 
7.ÜO0E 01 
4.i00E 01 
4.700E 01 
5.20()£ 01 
5.600t: 01 
U.400E 01 
6.000E 01 
ö.lOüE 01 
b.'jOOE 01 
6.100E 01 
ö.iooe oi 
7.000E 01 
<*.<»00E 01 
5.00ÜE 01 
b.-iDOE 01 
6.U00E 01 
7.Ü00E 01 
8.I00E 01 
8.6Ü0E 01 
2.5ÜUE 01 
3.50UE 01 
4.000E 01 
3.Ü0ÜE 01 
4.00UE 01 
4.600E 01 
5.S00E 01 

L/C 

1.69VE 02 
2.ÜA1E 02 
2.411E 02 
2.822E 02 
3.201E 02 
3.164E 02 
3.!>79E 02 
3.609E 02 
3.217E 02 
3.112E 02 
3.Ü40E 02 
3.210E 02 
3.449E 02 
3.573E 02 
3.5931: 02 
3.5B5E U2 
3.469E 0? 
3.272E 0? 
3.397E 02 
3.397E 02 
3.<»ueE 02 
3.28UE 02 
3.017E 02 
3.337E 02 
3.401E 02 
3.329E 02 
3.10^ 02 
2.972E 03 
2.952E 02 
2.599E 02 
3.228E 02 
2.9/OE 02 
3.()Ö7E 02 
3.062E 0? 
2.793E 02 
2.752E   02 

U   <CH/SEC) 

2.:)9CE 02 
3.(;l*E C2 
3.65IE C2 
4.417E 02 
5.b01£ C2 
6.60CE C2 
7.894E 02 
9.93<iE 02 
1.I3IE 03 
l.26;E C3 
l.«15l 03 
8.54eE 02 
9.A12E C2 
l.U2eE C3 
1.. 9JE 03 
1.(I6;E 03 
l.It'E C3 
1.24SE 03 
1.J7SE C3 
1.181E 03 
1.2ASE C3 
1.?3<E 03 
8.767E 02 
9.93«£ 02 
1.07SE C3 
1.165E C3 
1.?3<E 03 
1.5126 03 
1.58«E C3 
4,A91E 02 
6.8KE 02 
7.«9^E 02 
5./5CE C2 
7.894E 02 
9.207E 02 
1.07SE   03 

<!.9nE Cl 
1.571E C2 
2.313E C2 
3.3e<E C2 
5.2i2E C2 
7.56CE C2 
I.CeiE C3 
1.712E C3 
2.21fE C3 
2.77SE C3 
3.4726 C3 
l.26£E C3 
1.53EE C3 
1.834E C3 
2.Ce7E Cl 
1.95SE 03 
2.352E C3 
2.7C<E Cl 
2.C22E 03 
2.422E C3 
2.7CeE 03 
3.C7?E C3 
1.33« Cl 
1.713E C3 
2.C22E C3 
2.353E C3 
3.C7SE C3 
3.971E 03 
«.35iE C3 
3.5CCE   C2 
e.cseE C2 
l.CSIE C3 
5.73tE   C2 
i.oeiE ci 
I.A71E C3 
2.C22E   03 
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Table IVi 

S(.LUTICN   NUMBER      IC9 

NCZZLE   NUPEER 2 

PKESS   (FSl) 

2.700E 01 
J.bOOE 01 
A.bOOE 01 
5.500E 01 
ö.'iOOE 01 
/.•JOOE 01 
8.200E 01 
S.^OOb 01 
I.Ü5UE 02 
1.180E 02 
l.^OOE 02 
1.330E 02 
l.«*OE 02 
1.C.8ÜE 02 
1.970E 02 
2.250E 02 
2.700E 02 
3.I50E 02 
3.^*06 02 
4.060E 02 
b.lOOE 01 
6.ICOt 01 
8.100E 01 
b.500£ 01 
7.l00t 01 
Ö.OOOb 01 
7.400t 01 
S.lOüE 01 
H.HOOt 01 
1.15 Dt 02 
1.260E 02 
S.'JOOE 02 
3.B50E 02 
'..100E   02 

L/C 

1.183E 02 
l.^'iHE 02 
1.855E 02 
3.344E 02 
S.SÖ^E 02 
4.Ü37E 02 
3.948E 02 
A.0<t7t 02 
A.l?6E 02 
A.IHhE 02 
4.186E 02 
4.235E 02 
<..2ASE 02 
<t.Wit 02 
<».374E 02 
4.b63E 02 
4.tl80E 02 
5.297E 02 
5.6I*F 02 
5.892E 02 
2.9'>7E 02 
3.'i92E 02 
4.U27E 02 
3.730E 02 
3.94flE 02 
4.037E 02 
A.008E 02 
4.Ü27E 02 
4.Ü47E 02 
'i>.\26E 02 
4.166E 02 
5.574fc 02 
5.H32E 02 
5.931E  02 

U   (CM/SECI 

2.13i£ 02 
3.t«tE C2 
«.0A2E C2 
6.27eE 02 
7.'5*CE C2 
8.e2IE C2 
9.72eE 02 
1.I12E 03 
I.22SE 03 
l.?6 7E C3 
l.'i9?6 03 
1.5A5E 03 
LOSE C3 
1.P52E 03 
2.(ilCE 03 
2.31AE 03 
2.t5fE 03 
2.961E 03 
3.I96E 03 
3.'.97E 03 
6.699E 02 
7.033E 02 
9.59tE 02 
7.,i«CE 02 
S.aOtE 02 
9.46EE 02 
8.692E 02 
1.079E 03 
1.15<iE 03 
1.335E 03 
1.491E 03 
3.173E 03 
3.T77E 03 
3.^2CE  03 

3.eC5E 01 
8.32CE Cl 
1.641E 02 
2.79EE 02 
3.97SE 02 
5.44(E 02 
6.623E 02 
e.647E 02 
l.CSEE 03 
1.3CEE 03 
1.56CE 03 
1.671E   03 
i.eecE 03 
2.4C1E 03 
2.e2?E 03 
3.741E 03 
4.94CE 03 
6.135E 03 
7.151E C3 
e.55SE 03 
2.27AE 02 
3.A62E 02 
6.447E 02 
3.97SE 02 
4.e2SE 02 
e.274E 02 
5.2eEE 02 
e.l51E 02 
9.32EE 02 
1.24EE 03 
l,«7*E 03 
7.CAiE 03 
7.9E3E 03 
e.67CE 03 



IIOLTR 71-123 

Table IVJ 

PRESS   (PSD 

A.500t 00 
7.000E 00 
1.070E 01 
1.51ÜE 01 
1.460E 01 
i^SOE 01 
t.MOB 01 
3.000E 01 
A.IOOE 01 
b.üOOE 01 
6.000E 01 
6.U0OE 01 
e.OOüE 01 
l.OOOE 02 
l.?4ÜE 02 
l.SlüE 02 
1.700E 02 
l.ftSOE 02 
2.0bOE 02 
2.250E 02 
2.60UE 02 
3.000E 02 
3.<>,)ÜE 02 
1.150t 02 
1,3906 02 
l.MOE 02 
l.HOOE 02 
l.bSOE   02 

SCLUT ICN   NUMBEh'       1CS 

CPIFICE  NUfetP    3a 

L/C U   (CM/SEC) 

2.577t 02 
S.S^öE 02 
4.114E 0? 
<i.86?E Ü? 
5.3HbE 02 
5.9^8E 02 
e.^b'iE 02 
fe.A'ME 02 
7.280E 02 
7.78'iE 02 
a.3Z9E 0? 
8.310E 02 
9.^3*E 02 
9.738E 02 
9.Ö06E 02 
9.835E 02 
9.077E 02 
9.106E 02 
8.9<tlE 02 
8.630fc 02 
8.601E 02 
8.3A8E 02 
H.183E 02 
l.Ü')5E 03 
1.102E 03 
1.0b3E 03 
1.0ÜHE 03 
l.ObBE  03 

6.;2eE C2 
6.^8^E C2 
7.fJ3J£ C2 
8.S3f,E C2 
1.C03E C3 
l.llfE C3 
1./3IE C3 
1.2^iE C3 
l.'!i76E C3 
l.t5*E C3 
1.V3JE C3 
I.S37E C3 
2.I63E C3 
Z.'.'iCE C3 
2. /17E C3 
2.467E C3 
3.1l?E C3 
3.;3*E C3 
3.T3tE C3 
3.A«7E C3 
3.^616 C3 
J.HfiOE C3 
^.'ib'ii C3 
2.ftlSE C3 
2.H63E C3 
3.(^7£ C3 
3.18;E C3 
3.C0CE C3 

5.682E C2 
6.S«<iE C2 
fi.SSIE C2 
1.17CE C3 
1.A72E C3 
l.e3CE C3 
2.22CE C3 
2.26CE C3 
3.1SIE C3 
«.CCiE C3 
'..9<i3E C3 
t.mt C3 
6.e5«E C3 
8.722E C3 
1.CEIE C« 
1.2SCE C« 
1.A2CE C« 
1.532E CA 
1.63CE C« 
1.7<ilE C« 
l.e7SE C« 
2.2C5E C* 
2.91(E C« 
l.CCSE C« 
1.2CCE C« 
1.3fCE CA 
l.<iE3E C« 
1.31EE   C« 



NOLTR 71-123 

Table IVk 

SILUfICN   NUMfcE<      11C 

inut Nuftt« 1 

PHESS    ((-SI) L/C u (o/seo h 

^.'.SOE 01 3.262t 02 2.28;E C2 s.isse 
<f.70üfc 01 S.bBhE 02 2.ftSE c? i.25ie 
i'.HOoe ül A.OülE 02 ?.u3?E 02 I.62IE 
3.20ÜE 01 S.4Ü3E 02 3W.CCE C2 2.283E 
A.OOOE ül 6.62 IE 02 5.IOrE C2 ^.ssct 
'♦.^OUt 01 7.162E 0 2 6.U53E C2 t.«53E 

t>,lOiE 01 7.-*aSE 02 7. me Ci e.scte 
b.MQOt 01 Ö.026E 02 B.?<;IE C2 1.2«tt 

o.boot 01 /.lU6t 02 9.79/E C2 1.68<.E 

/./"OOb 01 6.28bE ü? H;»CE C3 7.cnE 
!>.UOOt 01 7.611t 02 6. OiE C2 e.464E 
t..root 01 d.210E 0 2 e.xc^E C2 i.ietE 
b.SOOE 01 8.001t 02 7.^3/6 C2 l.CfiE 

ö.^OÜE 01 7.n'>fE 02 j.i«3e C2 l.4?2E 

7. (Out ül 6.J49E 02 i.i.5'e C3 1.961E 
e.-iüijE 01 •j.l'.SE 02 1.32SE 03 3.U1E 

l.030t (12 i.ü/'^E 0^ l.".*** C3 A.l<iit 

1.2U.JE Ü2 5.Ü0ÜE 02 l.Htt C3 5.36SE 
ä.ÜOU»- 01 S.'fftöE 02 t.isa C3 2.5C2E 

l.J40E 02 5.J16E 02 l.>J0flE C3 6.42tE 

i.bboe 02 r>.l8<.E 02 t.un C3 e.l2SE 
1.70üt 02 S.Ü'JhE 02 2.USE C3 S.442E 
2.1Ü0E 02 b.üeot 02 2./1IE 03 1.294E CA 

Z.^^OE 02 5.2AÜE 02 2.H3se C3 I.A1SE C4 



IIOLTR 71-1' 

Table IVl 

PHfii   (FSII 

3. ^OOt 01 
A. •>ü.)t 01 
3. SOUE 01 
b. r>üuL 01 
/. •j()Ot ni 
<*. lü.)E 01 
1. lO.Jt 0? 

1. «out 02 
1. -.S-lt 0? 
1. üBOfc 02 
1. rt«iifc 02 

2. I7()fc 02 
i. r.l>üE 02 
3. lOJE 0? 
3. böllfc 02 
A. 4!>oe 02 
A. onoe 01 
A. »OOE 01 
6. «0   t 01 
1. «.OÜL 01 
H. HonE 01 
s. t.OOfc ill 
i. 08 Ut 02 
i. 1906 02 
i . <n»t 02 
i ^8it 02 
i UJt 0? 
i • ■»ME 02 
i .(.TOE 02 
i ,H30fc U2 
t. .coot 02 
2 .1901 02 
i .ASOt 02 
i . /oje 02 

SLUM IC\   NU^ff '       1 IC 

L/l U    (t.^/SFCI 

l.bUlE 02 
/.iME 02 
I.Hl'U 1)2 
<»,'<BHE 02 
i.J-jHE 02 
6.'J67b 0? 
H.rtllfc .1? 
8,hill: 02 
H.2«3£ 02 
7.'>3Ht n? 
7.1l)?F 02 
h.T'.^E 0? 
b.^AfiE 02 
6.5Hf.F 0 2 
6.6U6C 02 
ft.ftOAE 02 
l.H?'JE 02 
^.2?-^ .i2 
<..80-*E 02 
6.A6Afc   02 
i,>\^y 02 
/.■»'.VE 02 
3.612E  02 
H.«lüf   02 
a.fit^E i>2 
a.riuE o? 
3.82U 02 
8.412E 02 
7.H36E 0? 
7,<tV»fe ii? 
7.l61t 02 
6.98TE 02 
6.8A4E 02 
7.'>^8C   02 

IWt iE 
;.»<.<■£ 
».' 2 / f 
A.: 9'.t 
6.1 AtE 
7./'5/E 
^.> b^E 

.'2 JE 

."JCE 

. ? J •; E 

.'ift'iC 
2 . > 6 I E 
2.- 7{£ 
2. .8 IE 
I.^CfE 
2.;5/£ 
^.., 51E 
A./e'E 
6 . f 21" E 
7.«.3CE 

>J.'2tE 
• CT/E 
.12' E 
. I6*E 
. ? 5 L E 
.?e', E 
. *■ <. L E 
.' 'i'rE 
.'»It 
. i8 IE 

2.Itf3E 
2. !7' E 

C2 

c; 

C2 
C2 
c; 
c? 
c? 
c? 
c? 
C3 
C3 
C? 
C? 
C? 
C2 

c; 
C2 
C2 
r? 
C2 
C3 
C3 
C? 
C3 
C3 
C? 
c? 
0 3 
C3 
C3 
C3 

2.2C7C Cl 
=.3«CE Cl 
1.C4CI- C2 
1.7C3E C? 
2.5SfE c? 
A^ttt C2 
f .es«t C2 
s.'me C? 
1.2^IE C3 
l.7CtE C3 
2.13EI: C3 
2.7A2E C ? 

3.t3Ct C3 
5.CS5fl C3 
t.?llE C? 
E.72«t C3 
3.eC2E Cl 
t.fc33£ Cl 
l.t2<t c? 
2.7*ff c? 
3.S21fc C2 
«.eteE C2 
t.seit C2 
e.2«<E C2 
E.SSAE C? 
S.tltE c? 
1.11CE 13 
i.3ta CT 
i.ee*f C3 
2.C«lt C3 
2.3eiE C3 
2.7e7E 03 
3.3ME C3 
A.CCSF C3 

,0T  REPRODUCIBLE 



Table IVm 

M LUT ICN   NU^BH'      tC7 

^t7/Lt   NUMHfK 1 

HhESS    Uil) L/L U   (IM/SEC) 

*. 'jÜDfc 00 7.01üt f)l I.' ME C2 A.515E   Cl 

b. '0')fc 00 l.Ht.-»F ■)? 2.^8^E C2 1.2516   C2 

d. IQok ou l.li^t- 0 2 3..^E C? Z.CtCE   C2 

1. U^Dt 01 1.«. Mfc 02 <t.i;5eE C2 2.8t«e  C2 

l.^Sut 01 1.67HC 02 ^.?2SE C2 B.eesE C2 

l.«8iJE 01 1.0066 02 «i.'.fi^E C2 5.2JIE   C2 

i.OOOi. 00 4.0AfiE 01 H.cS'E Cl 1.12f£   Cl 

't.'vO.lt 00 b.'.^e 0 1 l.'7JE C? 3.27«E   Cl 

ti.tjOOt 00 '». irtlH 0 1 2.I5;E C2 e.C5et ci 

y.'iooh 00 I.«Bib .12 2. )3»-e C2 1.5C1E   C2 

d.oODfc 00 l.7^7E 0 2 I.^SSE C2 2.CCSE   C2 

6.'»0t;fc 00 l.öb'jE 0 2 2.,2iE C2 1.IC7E   C2 

b.uoub 00 i.Hint 0 2 T.I«7E C2 1.722E   C2 

s.-.ont 00 i.rise 0 2 3.71 (E C2 2.^C2E   C2 

l.OlüE 01 l.6rt<it 02 1. i2?E C2 2.f7tE   C2 

1. lOilfc 01 1.66BE 02 <..227E C2 I.ICEb  C2 

l.l^Ut 01 l.b7?e 02 <..'<}5E C2 3.36CE  C2 

Table IVn 

SCLUl ICN NUMEEi'  11C 

(Klf ICE NUfEEH  3a 

PKESS (FSl)        L/C        U (CH/SEC) >« 

7.t,ÜOL   00              9.W»E   02               b.oe.E  Ci 5.2€EE   C2 
b.'.OOfc   00              /.<>31E  02               i.CSCE   C2 3.««   " 
6  ..OOE   00              a.O^E  02               6.M5E   C2 «.55  E   C2 
e.^OUE   00               9.029E   02                6.<   *E   C2 t.CC   E   C2 
l..;OOE  01              9.917E  02               7,   ME  C? 7.22K   C2 

U.BOE   01               ^.^Jfit   02                7'   ^   " J*«JE   C2 
U^OE   01                l.IHE   Öl               I'-m   C2 ».«5E   C2 
1.75ÜL   01                l.^^t   03               «».?2fE   C2 l.2«-E   C3 



IIOLTR 71-123 

Table  IVo 

SCLUTICN   NUHEE^      111 

KCliii   NUMPfR 2 

HHESS   (FSI) L/C U   (Cf/SECI 

i'.HÖOt 01 '».i^'HE 01 ?. .«iE C2 e.l74E 
1.5ÜOE 01 1.717t 0? 3.Kif£ C.2 l.C5iE 
<).lOOE 01 2.06<.E 02 A.t5*t C2 1.5ME 
A.-JOOE 01 2.10?t 0? b.POfE C2 l.'i3CE 
'j.OOJt 01 l.VO'iE 0 2 >>.Hlti C? ?.1£fE 
!>.t.Üilf 01 2.o6^E 02 6.*3e r£ C2 3.CE7f 
b.dOOf- 01 2.321E 02 1.2->iit C2 3.721E 
6.30()E Ul 2.'J00E 02 7.H8IE C2 «.AISE 
/.-•uue 01 ?.hVHE 02 9. lest C2 6.CCEE 
A.OODE 01 l.7of.E 0 2 A .'/11 E C2 1.4S2E 
'».'»OUt 01 2.0H3E 02 5.20eE C? 1.93CE 
■J.ÜOOE 01 2.3A1E 07 •».mt C2 2.4EEE 
'J.'JOOE 01 2.'>/0t 0 2 6.''87E C2 3.CE7E 
Ö.OÜUt 01 Z.hWt 0 2 T.illi C2 3.721E 
ö.^Oüt 01 2.72Ht 02 7.eeiE C2 <i.4ISE 
7.000E 01 2.I6?E 0 2 8.)3?£ C2 5.1£1E 
7.10ÜC 01 2.73Hfc 0? B.^-f *E C2 5.1<I1E 
7.600t ul 2.777E 02 9.f2IE C2 e.ieiE 
b.'iOOt 01 2.817E 02 l.a**-E C? 7.eiCE 
>i.600E 01 2.V36E 0 2 l.l7t£ C3 s.ectE 
1..00E 02 3.09'JE 02 l.^*6£ C3 l.AEtE 
l.'jS   t 02 3.253E 02 l.f'lft C? 2.34eE 
l.70Üfc 02 3.472E 02 1.W57E C3 2.725E 
i.^Toe 02 l.TSIt 02 2.>C*E C3 3.«5JE 
<!.,'SOfc 02 J.^87E 02 2.<.5 !E C3 «.2eiE 
^.SiüE 02 4.<or.E 02 2.7n£ C3 5.21EE 
i.350t 02 4.H4ÜE 02 3.^9tE C3 7.73CE 
1.X50E 02 5.0')H£ 02 3W:23E C3 S.3<;2£ 
A.'tOOE 02 5.2i7t 02 3. JSCE r? 1.132E 
a.üOOt 02 5.<.16E 02 <..H?£ C3 1.355E 



FKfcSS    «f-SI» 

u5t)b Ül 
?hOt 01 
•IO'IE 1)1 
f8Jt Ul 
Ü60f 01 
«»TOt 01 
«506 01 
<.7oE 01 
•?50t 01 
00.)t 01 
r<OoE 01 
OOOf Ul 

, >Oi)t Ul 
rOOtlE 01 
.-.ODe 01 
, /OvlL 01 
, jOOt Ül 
.'.Uofc Ul 
,-.OJt 01 
.SOOk IU 

. ISOi. 0«! 

.<.^0E 0? 

. 7(U)t 0? 

.SSOt 02 

. 4/')t ül 

. ?•) )t Qi 

.IHOt 02 
• Mot 02 
.1001 02 

Ü LW   ;i-l:: 

Tahle IVp 

SI LUTICN   Nl<wet-<      III 

^cmt' NUHtt« I 

L/l, U    I CM/SEC I 

r.tiee ül 
l.lA^t 0 2 
l.lHifc 02 
l.^9fc 02 
l.-iBU 02 
2.I41E 02 
2,2201 02 
?.i M^ 02 
?.0f'.E 02 
l.ÖH'JF 02 
l.H<.<»E 02 
t.tOhE 02 
l.ö»2t 02 
I. »H<iF 02 
?.040t 07 
2.\17E 0? 
2.if.8l 02 
?.<.,".£ 02 
^.H/'.fc 0 2 
i.JUoE 0 2 
3.IO<.t 02 
J.6fc4£ 02 
i.tlh<»e 02 
<i.U6«E 0 2 
4.240t 02 
<i. 1H<.E 02 
«t.680t 02 
S.Ü^üf 02 
S.^bOt 02 

l.fc2CE  C2 *.«2Se  Cl 
2.I9<E  02 e.lCCE   Cl 
I.Uli   C2 1.3246   C7 
B.OiE  C2 2.121E   C2 
«.USE  C2 3.CC6E  C2 
*.AJ?E  C2 3.7i1E   C? 
b.i 7;E  C2 *.53EE   C? 
S.M*6  C2 S.fcECE   C2 
6.004E  C2 6,39SE   C? 
6.MSE   C? 7.C*3C   C2 
7.?«fE  C2 9.971E   C2 
rt,«•!♦.£  C2 1.25CE   CJ 
«».««JE  02 l.*7*E   C3 
l.'!3lf  C3 1.87«?   C3 
l.lUf  C3 2.USE   C3 
I.I5CE  C3 2.333E   C3 
l.2fl?£  C3 2.")C*E   C3 
H«.'.E   C3 3.6e5E   C3 
I.   <5'E   C3 «.«e<E   C3 
1.72'.E   C3 5.25CE   C3 
2.i)2?E  Cl 7.22Ct   C3 
2.?27fc  C3 9.9*SE   C3 
2.591E   C3 LIESE   C* 
2.e2e£   C3 I.«ME   C« 
3.19?E   C3 1.79«   C« 
3.'50iE  C3 2.U*E   C* 
3.<-3«E   C3 2.5S*t   C« 
A.29f£   C3 3.2ÜE   C« 
5.(5e£   C3 4.513E   C* 



NOLTR 71-1?'; 

Table TV'q 

PMCSS   (FSI) L/C 

7.bOOt 00 2.ai2E  02 
V.-)Oi»E 00 3.16«  0? 
I.OIOC 01 3.Mi2t  0? 
1.^60E 01 3.660E  02 
I. wot 01 3.1II6E  0? 
2.ÜO11E Ul 4.619E  02 
2.4806 01 b,136fc 02 
^.950E 01 5.4376  02 
3.lOOt 01 6.235E   02 
4.b00E 01 7.079E  02 
b.UOOE 01 H.2H3e  02 
/.600E 01 8.690E 02 
4.0OOE 01 fl.7^E  02 
l.OTOfc 02 9.438t  02 
I.J40E 02 9.789E  02 
t.^OE 02 4.V2*>E  02 
1. 7? JE 02 •<.<*5r.C  02 
l.CiOE 02 l.U21t  03 
1.460E 02 1.030E  03 
2.I30E 02 I.OIKE   03 
2. HUE 02 9.HÖÜE 02 
2.6SÜE 02 t.^et 02 
J.OOOE 02 «J.l'.SE 02 
i.<>*UE 02 8.434E  02 

S(LUIICK   NU^etf      111 

IHIUCE  MjKtf«   2i* 

0   I CM/SEC) 

7.^1 it C2 
7.7Tt C2 
7.44IE C2 
«.'2?E C2 
9.Mf,E  C2 
i.cste ci 
I.IT'.E C3 
l.^HSE C3 
l.«6CE C3 
l.fSIE Cs 
1.92/E C3 
2.I93E C3 
2.4CCE C3 
2.t2CE CI 
2.9CJE 03 
S.cfl'iE CJ 
3.?25E C3 
3. «2 IE C3 
l.'t .( 03 
3.'>2IE C3 
I.MtE C? 
3. J«tE C3 
«.?3FE C3 
S.iJttE   C3 

*.7€1£ 
5.5556 
5,7«E 
e.e33E 
8.Ct<E 
1.C25E 
I.27IE 
1.521E 
l.StCP 
2.*«<£ 
3.3SeE 
«.42IE 
5.2S5E 
6.3C<E 
7.7ttE 
e.7«C£ 
<!.55SE 
1.C13C 
I.C62E 
1.13SE 
1.2«3E 
I.43IE C* 
1.73CE C* 
2.353E C* 



t^HtSS    IfSII 

ö.üUiJt uu 
d.lCut ÜJ 
S...Oi)t 00 
l..'4.J»: 01 
».«t7iiL 01 
IW3JE 01 
1. 13 JE 01 
^.OBvtt 01 
Z./UOl 01 
/.'»?>)£ 01 
^. IS Jt Ul 
i.^CME 01 
4. 10.'L 01 
4.60.)fc 01 
t../ont 01 
c.oo.ie 01 
?.ooot 01 
f.oooc 01 
»i.60tlfc 01 
•».«.oot 01 
1.1 Ut: 02 
I.HOIIE 02 
I. »SOI- D? 
i.zoue 02 
^.oont 02 
^..-HOt 02 
^.oüdE 02 
i'.'.OJE 02 
3.U0f)£ 02 
i.SOOE 02 
«..coot 02 
l.^oot 02 
I.UciE 02 

I:CLTR 71-12:-! 

Table  IVr 

S( LOT ICN   NUVet.«      Ill 

L/l U    (CM/SEC) 

1.0SU 02 7.>?/£ Ci 
3.<.-*lE 0 2 7.t<iiE C2 
J.rt'.lE 02 H.CdE C2 
<i.2><HE 02 8.-3iE C2 
<..8lPt 02 9.l<iCE 02 
b.W'.E 02 9.707E C2 
4.987E (12 I.0I4E C3 
•y.lhZt 02 1.0446 C3 
^.3lHt 02 1.0716 C3 
■i.^UE 02 l.lSfcE 03 
'•.MmE 02 1.22tE C3 
6.11<iE .■2 1.27t£ 03 
6.614t- 02 l.'iSiE 03 
ö.fl'. JE 02 1.5A«E 03 
/.202E 02 1./42E 03 
7.A64F 02 1.79^E 03 
7,H1<.L J2 l.^PE 03 
8.ÜIHE 02 2.027E 03 
rt. »<•»»? 0 2 2.203t 03 
8.2U2E 02 2.n7E 03 
H.1» nE 02 2.';A1E 03 
M.7/f.E 02 ?.K7;E 03 
fl.n2<.E 02 2.8I>E 03 
8.1HE 0 2 I.IStE 03 
H.Ü47E 02 3.1S7E 03 
7.9016 02 i.Wtt 03 
7.rt/2E 02 1./8IE 03 
7.8626 0 2 i,(-t*l 03 
7.'^ IE 02 'i.OOtE 03 
7.-USE 0 2 <I.?«;SE 03 
7. «H'iE 02 4.6576 03 
B.^OIE 0 2 2.ft5CE 03 
•).Ü<.HE 02 2.77tE 03 

7.635E 02 
fl.3nE 02 
9.12*E C2 
1.C61E 03 
t.l9CE 01 
1.342E 03 
l.AtAE 03 
I.557E 03 
1.634E 03 
I.844E 03 
2.1A1E 03 
2.32CE 03 
3.CC1E 03 
3.«CE 03 
4.32CE 03 
^.57SE 03 
5.4e2E 03 
5.SHE 03 
6.SUE 03 
7.e44E 03 
S.192E 03 
1.17?E 04 
1.132E 04 
1.42CE 04 
1.643E   04 

2.03tE 04 
1.S11E 04 
Z.2eSE 04 
2.6326 0^ 
3.CeSE 04 
l.CCCE 04 
I.OIE   04 



KOLTR 71-125 

Tabl..  IVs 

SCLUT 1CN   NUfBEP      Ui 

Nf/ZLE   NUMfctR I 

PHtss (Fsn L/L U   (f>/SEC) tt 

«i.OOOE 00 H.üJ9(. 01 l.^bli C2 A.CESE Cl 
I.IAOE 01 l.l'jSt 07 2.257E C2 e.492E Cl 
i.<i3üe 01 l.'fB'Jt 02 3 . 1C (E C2 1.6CSE c? 
l.750t 01 i.moE 0 2 ^.(.2a C2 2.6S1E C2 
i.'^oe 01 2.ii77E 0 2 A.sejE C? 3.5CCF C2 
2.2bOE 01 2.139E 02 5.'.7':e C2 A.SSdE C2 
2.470t 01 2.0Ü2E 02 6.o2rE C? t.C3SE C2 
2.3Ai)E 01 2.0^()E 02 •i.TOSE C2 5.A21E C2 
2.^0(lt 01 2.\f<iZ 0? 5. 'CLE C? A.6e2E C? 
2.130E 01 2.l6Ae 02 'j.tqeE C2 A.33IE C2 
2.o70t 01 l.HASt 0 2 b.bOtE C2 7.C55E C2 
2.tMUe 01 l.7^bE 02 7.lt3E C2 f?.551£ C2 
3.20UE 01 LCVBE 02 7.79':E C2 I.C13E C3 
B.'JOOE 01 l.^.ÖPE 0? o.-rZ^E C2 1.211E C3 
't.lüOt 01 l.H12fc 0? ').f6?£ C2 1.623E C3 
S.OOÜh 01 2.1()HE 02 1. 16 IE C3 2.2A<e C3 
b.^OOE 01 2.3i?e U? l.;55E C? 2.fr2tE C3 
6.oooe 01 2.440E 0 2 I. "tit C3 3.C2EE C3 
ö.'JOüE 01 2.680E 02 l.O^E C3 3.A52E C3 
I.'JOQE 01 2.HÜÖE 0 2 l.fCCE C3 A.2S7E C3 
B.tOut 01 i.UAOE 0 2 I.»6AE C3 5.ie7E C3 
•J. »OOE 01 uibn 02 l.^ftiE C3 5.77tE C! 
1.060E 02 3.3()AE 02 2.v,3?E C3 6.<)l5e C3 
i.i5ue 02 3. I'.'VE 02 2. 15^E C3 7.73«E C3 
1. lüOfc 0? a.^XAE 0 2 2. '«'.t C3 S.litE Cl 
I.'JOOE 02 i.'i'iZt 02 2.^8 IE C3 LIKE CA 
1.6A0E 02 1.6A8E 02 2./2?E C3 1.23<E CA 
1.74 0t 02 3.>J20E 0? 2.^2iE C3 1.32Et CA 
2.U0E 02 3.^?nE 0 2 3. I97f C3 1.7CAE CA 
2.B00h 02 A.192E 02 3W6CE C3 2.357E CA 
3.^906 02 A.?V6E 0 2 A. iq?E C3 2.S3CE C<. 
3.72 0E 02 ^.616E 02 A.^ACE 0 3 3.2eeE CA 



IIOL'TF  71-123 

Table  IVt 

SILUT IfM   NOHfcEw      112 

Milll   NUMttR 2 

PHESS    (FSII L/C u (Cf/sec) h 

i.10OE Ül 1.329E 0? <..121E C2 1.1426  C? 

i.-yOi)f 01 l.bUfE 02 «.resE C2 1.5A2E   02 

tt.üOOt 01 l.h'.it 02 5.6SCE C2 2.HtE   02 

«t.^OOE 01 2.063E 02 ö.'ig^E 02 2.83«  0? 

i.OOOE 01 2.2f.?E 02 7.27CE C2 3.5536   02 

i.SOOE 01 2.3/IE 02 «.05JE C2 «.35SE  02 

ö.coüt 01 2.A00E 02 8.HACE 02 •).252E  02 

ö.'iOoE 01 2. 38 IE 02 9.tl'.t C2 6.237E   02 

?.()OOE 01 2.381E 02 l.Ü^CE C3 7.273E   C2 

/.SOOt 01 2.<i2)E 02 1.107E C3 6.24*6  02 

«.coot 01 2.'.5ÜE 02 1.17«E C3 S.26EE  02 

^.COOE 01 2.ül'JE 0? 1.30JE 03 l.UGE   03 

I. 03(IE 02 2.«Jü'JE 02 l.A77e C3 l.««<E   03 

l.ASUt 02 2.ßA7E 0 2 1.99IE C3 2.665E  03 

I.700b 02 2.1J9^(- 02 2.21«E 03 3.2S<E  03 

l.HOOE 0? 2.976t 02 2.31'iE C3 3.59EE  03 

/i.OOOE 02 3.392f. 0? 2.^0KE C3 A.22(E  03 

2. l^OE 02 1.8296 02 2.823E 03 5.357E  03 

i.'jiOt 02 ^.047E 02 2.9eeE 03 6.CC2E   03 

3.100E 02 ^.4636 02 S.ACCE 03 7.77IE   03 

J.f>60E 02 '..6f>2fc 0? 3./«)SE 03 9.6eCE   03 

<•• I5()f 02 A.801E 02 «.12«E 03 I.IA2E   C« 

'..^TOE 02 'i.dSüE 02 «.jaiE 03 l.2eiE   C« 

4. J2()t 02 '..^/'»E 02 '..fcne 03 I.A3CE   04 
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Table IVu 

scLurICN Nu^etw    112 

CHIUCE  NUf'tEK     2a 

PHESS   (PSD 

6.0001: 00 
7.600E 00 
I.lOOt 01 
1.400E 01 
l.BOOE 01 
2.370E 01 
2.840E 01 
i.50i)E fll 
^.bOOE 01 
6.Ü00E 01 
T.^OOE 01 
S.60ÜE 01 
l.-VOOfc 02 
1.610E 02 
1.40ÜE 02 
2.1306 02 
2.690b 02 
2.95ÜE 02 
i.<tOOE 02 
2.34UE 02 
2.'>50E 02 
/».ISOE 02 

L/C 

2.13JE U2 
2.5lt)E 02 
2.962E 02 
3.4U4E 02 
3.071t 02 
4.<i43E 02 
«.(O^E 02 
5.226E 02 
5.89<>t 02 
6.627E 02 
7.319E 02 
7,H31E 07 
8.5391: 02 
fl.76SE 02 
9.U59E 02 
9.127E 02 
8.870t 02 
fl.£<3üE 0? 
e.H3E 02 
9.172E 02 
8.97öe 02 
9.217E   02 

U   (CM/SEC) 

6.tC^E C2 
7.ü7eE C2 
H.i;67E C2 
8. vl eg C2 
1.0C<£ C3 
l.lSfE 03 
l./7«E C3 
l.'-atE C3 
l.fcöAE C3 
l.)74E C3 
2,H It C3 
2.,J7«E C3 
3.(;9Ct C3 
3.^7JE 03 
3.^9^ C3 
3.t5.'F C3 
«.n5(-E C3 
«.^9fE C3 
A.rSSE C3 
3.79eE C? 
i.WTl C3 
3.667E   C3 

3.862E C2 
<i.<i3<E C? 
5.7Mt C2 
7.C*1E   C? 
e.estt C2 
I.ITSE C3 
1.A31E C3 
l.e2!E C3 
2.«!3E C3 
3.A?IF C3 
A.A7CE C3 
5.et5E C3 
e.«55E C3 
q.SCSE C3 
i.cezE c* 
i.ie^F CA 
1.4SEE CA 
1.63AE Ct 
2.C€iE CA 
1.275E CA 
1.37SE CA 
1.19CF   CA 
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Table IVv 

SCLUl ICN   NUMBE«      ll< 

rRIFICE   NUf'HEH      3a 

PHtSS   (PSD L/C U   (CM/SE Cl * 

/.üoue 00 2..1H2E 02 ft.'^PE C2 6.642E C2 

8.U)00E 00 2.hl^E 02 7. ?82E C2 7.^776 C2 

^.'lOllE 00 1.2UbE 0? 5.62C.E C2 4.341E 02 

3.M0l)t 00 1.7Ült 0 2 6.03tE 02 «.«EE C2 

^••.OüE 00 2.OH IE 0? 6.r;2tE C2 S.fiAlE 02 

l.04l)t 01 i.fl8/E 0 2 7.912E C2 8.S9CE C2 

1.15 or. 01 J.l'vIE 02 8.7elE C2 I.C53E C3 

1. '201- 01 l.'.SOE 0 2 9.7^tE 02 1.3C3E 03 

^.isoe 01 i.H'iAt 02 1.09iE 03 l.t3SE 03 

i. /sot 01 i^.fZiZ. 02 l.23«E C3 2.Ce£E 03 

J.OOufc 01 A.^aSE 02 1.2S .'E 03 2.2956 03 

i.'iOOE 01 4.H4SE 02 l.ACSE 03 2.72AE 03 

<i.001)E 01 b.üH3E 02 l.-ZCE 03 3.USE 03 

A.5ÜÜE 01 5.238E 02 l.^Z'-E 03 3.627E 03 

5.000E 01 ^.A'ilE 02 1.727E 03 A.C94E 03 

b.'iOOE 01 ■j.blTE 0? l.82?E 03 A.seiE 03 

6.TOOK 01 6.Ü64E 02 2.i)<IIE 03 5.71AE 03 

/.bUUE 01 6.iU/E 02 ?.17iE 03 6.473E 03 

8.6ü0t. 01 6.62et 02 2.'»3PE 03 7.A97E 03 

'J.üOOE 01 6.842E 02 2.A7AE 03 8.39<E 03 

l.^büE 02 7.4A4E 02 2.f'0/E 03 1.C77E CA 

l.^TOE 02 7.45*E 0 2 3.ü7tE 03 1.2966 04 

l.blOH 02 7.J08t 02 3.24<E 03 1.442E C« 

^..IbOfc 02 7.162E 02 3.191E 03 l.STEE C* 

l.'tOOE 02 7.'JllE 02 2.SACE 03 i.ietE 0* 

I.0606 02 7.7S4E 02 3.   6SE 03 1.292E CM 

l.^OOE 02 7.<.54E 02 3.29£iE 03 1.493E C« 

^. «DOE 02 7.'.3<.E 0? S-SASE 03 1.72AE C« 

^.-jflOE 02 7.347E 02 3.73JE 03 1.9UE 0« 

3.?20E 02 7.230E 02 ti.ltM. 03 2.6366 04 

N0T  REPRODUCIBLE 
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Table IVw 

SCLUTICN   NUMBER      lib 

NCZZLE   NUMEFR 1 

PHESS   (FSII L/C U   (CM/StC) W 

1.90UE 01 1.770E 02 2. IACE a 7.73EE Cl 
2.200E 01 2.236E 02 2.77?E C7. 1.29« C2 
2..420b 01 2.41AE 02 3.0<.7E C2 l.SiEE C2 
2.520E 01 2.678E 02 3.S13E C2 2.CE4E C2 
2.700E 01 2.93ÜE 02 3.H9?E C2 2.561E C2 
2. tsoe 01 i.i27E 02 A.<i4?E C2 3.335E C2 
S.-JOOE 01 <>.631E 02 5.72iE C2 5.531E C2 
A.AOOE 01 5.324E 02 7.,;2SE C2 <!.575E C2 
•>. 40üE 01 A.73ie U2 y.^SE C2 1.4S2E C3 
S.'JOOE 01 <k.643E 02 9.733E C2 I.6CCE C3 
ö.bOOt 01 4.281E 02 i.nsE C3 2.192E C3 
7.600E 01 4.121E 02 1.32CE C3 2.S42E C3 
8.50ÜE 01 ^.Ofi'tE 02 l.'«6fE C3 3.632E C3 
l.UOUE 02 4.120E 02 l.fc7*£ C3 A.732E C3 
1.30UE 02 ^.«^«E 02 2.03SE C3 7.C21E C3 
l.i70E 02 A.760E 0? 2.35CE C3 S.32!E C3 
l.fl30E 02 5.03?e 02 2.(2IE C3 1.161E C* 
2.250E 02 5.472E 02 2.-58/£ C3 l.5C7t C* 
3.00ÜE 02 5.648e 02 3.se?E C3 2.167E C<i 
A.OOOE 02 6.1A4E Ü2 4.284E C3 3.1CCE C4 
A.bOüE 01 5.226E 0? 7.73iE C2 1.C11F C3 
4.80Ut 01 5.199E 02 8.?57E C2 LIKE C3 
4.300E 01 ^.^'»«E 02 7.32AE C? 9.ceiE C? 
4.00ÜE 01 5.112E 02 6.7UE C2 7.61£E C2 
A.lOüt 01 S.l'JJE 0? 6.>nsfc C2 8.C83E C2 

wor REPRQ 
DUCIB LE 
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Table IVx 

SCLUTICN   NUMBEK      115 

CB1FICE   NUKHEB    2a 

PHfcSS   (FSI) L/C U   (CM/SEC) h 

B.OOOE 00 4.8Ü4E 02 6.4e3E   C2 3.74EE   C2 
4.4006 01 Z.'ibZt 02 l.e^ZE   C3 2.AISE  C3 
6.20ÜE 00 A.U^SE 02 5.P5iE   02 3.C73E   C2 
I.IBOE 01 6.30BE 02 7.714E   02 5.33SE   C2 
l.'jlüfc 01 7.339E 02 8.75SE   C2 6.ee3E   C2 
2.UA0t 01 8.980E 02 1.036E   C3 9.62EE   C2 
2.6AUC 01 I.Ü30E 03 1.206E   C3 1.3C5E   C3 
2.S)00E 01 l.()6fiE 03 l.mE   C3 1.4tlE   C3 
3.600E 01 1.265F 03 1.455E   C3 1.8SSE   C3 
<..50()E 01 1.377E 03 l.t6AE   C3 2.*e5E   03 
5.5006 01 1.46ÜE 03 1.B72E   C3 3.1«?E  C3 
5.K0ÜE 01 1.4b4E 03 1.93CE   03 3.342E   C3 
6.600E 01 1.4/06 03 2.C74E   C3 3.efcCE   C3 
7.0006 01 1.524E 03 2.I41E   C3 «.114E   C3 
8.1006 01 1.601E 03 2.311E   C3 A.7S1E  C3 
B. }00E 01 1.619E 03 2.422E   C3 5.262E   C3 
9.5006 01 1.670E 03 2.49SE   C3 5.6C4E   C3 
l.i'3üE 02 1.747E 03 2.SUE  C3 7.CS4E  C3 
1.4606 02 1.759E 03 3.04 IE   03 8.2S<E   C3 
1.650E 02 1.7006 03 3.237E   C3 9.4CCE   C3 
I.H50E 0? l.'i'ihl 03 3.472E   C3 1.0626   C4 
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Table IVy 

SCLUTICN   NUMEEH      115 

CBIFICE   NUfEEB      3a 

PKfSS    (FSI) L/C U   (CP/Sf :C) h 

4.«OOE 00 A.001E 02 •j.Ol IE C2 l.'t'iit C2 

6.lOOfc 00 A.6?!>E 02 5.47«E Ci *.171E C2 

7.600t 00 !).2l*6E 02 6.0Cr-f C2 5.C1?E C2 

S.AOOE 00 5.603E 0 2 b,t2lrt C? 6.iceE C? 

1.26ÜE 01 B.607E 02 7.7O;E Ci e.z^'.t C? 

7.600E 00 6.A8flE 02 6.005E C2 S.Cl^E C2 

y.eooE 00 7.379E 02 6.76*E C2 t.362E C2 

l.<»6nE 01 8.632f 02 8.35^E C? S.7C<F C2 

1.780E 01 9.474E 02 9. USE C2 1.21SE C3 

2.13ÜE 01 1.0«3E 0 3 1,043E C? 1.512E C3 

2.ü20t 01 1.020E 0 3 l.ttLE C3 l.AltE C3 

2.52ÜE 01 1.131E 03 l.l5tE C3 l.e5EE C3 

3.000E 01 I.ISIE 0 3 1.28i-E C3 2.3C6E C3 

3.30UE Ü1 1.222E 03 1.36*E C3 2.5^<F C3 

3.70()fc 01 I.2^ 03 l.'.t7E C3 2.SSlfc C3 

4.500E 01 l.?7iE 03 l.t5?E C3 3.797fc C3 

i.OOOt 01 1.33RE 03 1.75SE C3 <i.3C3E C3 

A.90ÜE 01 l.MZt 0 3 1.73e£ C3 <i.2C2E C3 

b.^OOt 01 1.417E 03 1.85SE C3 <i.8C(E C3 

6.lOOt 01 1.40<»E 03 1.I7IE C3 S.ACCE C3 

/.'.OOE 01 1.386E 03 2.19SE C3 6.725F C3 

2.ICüE ul I.Ü07E 03 1.034E C3 i.<.etE C3 

3.000E 01 1.173E 03 l.28f-E C3 2.3CtE C3 

3.^0üE 01 1.23HE 03 I.   lit C3 2.7S2E C3 

4.000E 01 1.262E 03 I.'JBSE C3 3.2<;2E C3 

1.55ÜE 02 1.294E 03 3.0A1E C3 1.2e6E Ci 

l.830fc 02 1.1A3E 03 3. JA IE C3 1.552E Ci 

2.000E 0? 1.06IE 03 3.!i7tE C3 1.777E Ct 

1.35ÜE 02 1.393E 0 3 2.^5tE C3 l.l3tE Ci 

l.'.20E 02 l.lB'iE 03 2.^2IE C3 1.186E c. 

1.7A0E 02 1.160E 0 3 3.?3?:E C3 l.<i5tE Ci 

l.^lOE 02 l.IHE 03 3.^E C3 l.tSCE CI 

1.620E 02 I.Z/2E 03 3.ICSE C3 1.3««t Ci 

NOT REPROD 
UC\BU 
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Table ZVz 

SOLUTIfiN MUMPEK     117 

HESS   (PSD l./O U   (fM/SHD «•' 

4,4U0t 01 6,?63E 0 2 S.735E 0? 5.409?  02 

b.bC<nt 01 7.t02fc 02 7.BHhE 02 1.023E  03 

b.bOük 01 y.871E ()2 9.WE 02 l.SOo»-   03 

1 .iJOnc 01 7,!)78fc 02 1.0326 0 3 )..7ölh  03 

7.6üOt 01 r.mb 0 2 1.1?!>F. 03 2.OBOE  03 

8,(HK)fe 01 6.8S2t ()2 i.ie7t 03 2.3166  03 

e.bi'Ut 01 6.b31F «•2 1.264fc 03 2.<)29E  03 

9.00ot 01 6.194E 02 1.342E 03 2.962E  03 

.^.iunt 01 f.S.^E 02 3.9B3fe 02 2.609F  02 

A.OUUt 01 b. (<*Ql 02 4.933E 02 4.003b   Ü2 

A.'JüOfc 01 6.!>27E 02 6.9()8E 02 5.740E  02 

s.ouot 01 7.179t 02 6.790t 02 7.582F  U2 

S.hUOt 01 7.442t 02 7,Pfl6E 02 1.023E  03 

6.t>0l>fc 01 7.265E 02 8.639fc 02 1.22fb  03 

h.tOOt 01 6.V7bE 02 9.397E 02 1.45?E  03 

7.UOOE 01 6.310t 02 1.032E 03 1.751F  03 

7.boot 01 6.l32t 02 1.109fc .03 2.023E   03 

e.Sücit 01 5.370f- 02 1.264t 03 2.629E   03 

9.Ul>0t 01 !).24Vfc 0 2 1.342E 03 2.9h2b   03 

9.'»(>0E 01 b.lSSE 02 1.404b 0 3 3.244b   03 

4.u<)Ufc 01 b.42'tE 02 4.q33E 02 4.00 3b   02 

^.büiit 01 6.101E 02 5.90flt 02 b.740b  U2 

S.lOOh 01 6.8^1E 02 h.970fc 02 7.990b  02 

5.50i,)fc 01 /.IS-»? 02 7.7ült 02 9.7'J3b:  02 

6.uooe 01 Y.22!>E 02 P^39E 02 J.22 7b  03 

6.!>ü0fc 01 fe.BOlE 02 9.550t 02 l.SOOb   03 

3.«ÜOt 01 b.432t 02 4.l544f 02 3.396E   02 

4.soot 01 6.?)«4fc 02 5.90ftE 02 5.7401?  u2 

5.100t 01 7.117E 02 6.970E 02 7.990t  02 

s.ftunt 01 /.434E 02 7.88f.t 02 1.023b  03 

Cj.OOOt 01 7.2?it 02 8.639E 02 1.227b   03 

fe.HOOfc 01 6.729t: 0 2 9.b!)nE 02 1.500E   03 
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Tftblft IVM 

SOLUTION  NUMBER     117 

ORIFICE   NUMBER 2* 

PRESS (PSI) L/t) U (CM/SEC) w 

2.500E 01 1.070E 03 1.165t 03 1.187E 03 

3.100E 01 1.137E 03 1.302E 03 1.482fc 03 

3.600E 01 1.229E 03 1.413E 03 1.744E 03 

4.100E 01 1.267? 03 1.520k 03 2.U18E u3 

S'.OOOE 01 1.386E 03 1.704E 03 2.53»E 03 

6.0UOE 01 1.494E 03 1.89eE 03 3.146E 03 

7.00UE 01 1.569E 03 2,079E 03 3.776E 03 

e.ioot 01 1.603E 03 2.26SE 03 4.4R4E 03 

9.200E 01 1.633E 03 2.439E 03 5.198E U3 

I.OIOE 02 1.661E 03 2.573E 03 5.783E 03 

1.250E 02 1.712E 03 2.894E 03 7.319E 1)3 

1.550E 02 1.756E 03 3.237E 03 9.152E 03 

1.850E 02 1.66ÜE 03 3.530E 03 1.089E 04 

2.100E 02 1.569E 03 3.750t 03 1.228E 04 

2.440E 02 1.S29E 03 *.033fe 03 1.421 b 04 

2.7506 02 1.423E 03 4.296k 03 1.612E 04 

1.400E 02 1.833E 03 3.073E 03 8,249E U3 

1.600E 02 1.824E 03 3.183k 03 8.854E 03 

1.190E 02 1.752E 03 2.B18E 03 6.939E 03 

1.330E 02 1..914E 03 2.991E 03 7.818E 03 

1.310E 02 1.908E 03 2.968E 03 7.694fe 03 
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Titol« IVbb 

SÜLi'TliKi   NUMHFB       117 

PBtss (»»SD L/p u (r>>/S(-c) 

*.2(iOt   01 1.773f ui ?.3<»*fc i>2 S.6*6t   0) 
S.himt   Ül 3.37HJ- o^ *.C-2Hfc 02 1.07?^   U2 
h.60i>t   01 4.tP4ir 02 A.HBOh 02 J.S79fc   02 
7.3not   01 <».566h 02 !),676fc 02 2.13?6   U2 
9.2J')t   Ül 5,S(»3fc 'I? 7.737fc 02 3.S7ie   «^ 
l.OHOt   02 ö.SU'JH 02 S.503t 02 5.«Of   >>i 
1.310fc   02 Wnhf o2 l.lH2fc 03 9.273K   M2 
l.blDb   U2 B.ol^fc 02 l.3T*.t 03 1.25SK   u3 
l,70'»t   02 T.ltht ü^ l.S61t 03 J.6H(r   03 
l.VÜOt   02 /.,»')Bt 0/ l.THSfc 03 2.113E   03 
2.120t   02 7.4S9t 02 1.920fc 03 2.^f>F   o3 
2.3<(>t   02 I.MVt 02 2.0«ht 03 2.1HSE   »i 
2.^0»:   02 7.'»^9t IV 2.257k 03 3.37«f-   03 
2.«lut   02 7.'.h4t: o^ 2.ft57fc 03 4.003f-   03 
3. loot   02 T.bSöf- o2 2.877t 03 <>.7!><»F   03 
3.Slot   02 7.f9hb ii2 2.<Jblfc 03 ^.77SH   03 
3.91.pfc   02 /.y/1)»- t^ 3.192E 03 b.rWk   03 
<».300t   02 ö.("J4fc "2 3.421t 03 7.7f)3(-   03 
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T*%1« IVee 

SCLUTICN  NUMBER     IC2 

HClllt  NUMBER 2 

PRESS   (PSD L/C U    ILWASt :v I 

4.300E  01 3.060E 02 3.933E C2 

6.000E  01 4.4Ü7E 02 5.95tE 02 

6.700E 01 S.a-iOE 02 6.735E 02 

B.100E  01 6.013E 02 8.22AE C2 

9.200E  01 6.349E 02 9.«C*E C? 

1.220E  02 6.6A6E 02 1.224E C3 

1.500E  02 6.705E 02 l.'.TCE cz 
1.7S0E  02 6.923E 02 1.691E C3 

1.250E  02 6.646E 02 1.251E C3 

l.OOOE 02 6.S28E 02 l.ü2t£ 03 

8.000E 01 6.132E 02 8.117E C2 

4.S00E  01 3.8b4E 02 A.blCE C2 

2.500E  01 1.21BE 02 

TtbU 

l.T<i3E 

IVdd 

C2 

1.1CCE C2 
2.522E C2 
3.22!E C2 
4.eCSE C2 
t.26€E C2 
I.C65E C3 
1.536E C3 
2.C32E Ci 
1.112E   C3 
7.«92E c;; 
<i.6e;E c? 
1.447E C2 
2.15SE  Cl 

SilLUr ION   MUM^t-C       1 17 

PRESS   (PSD 

l.OOOE 01 
1.5Ü0E 01 
2.1006 01 
2.600t 01 
3.ÜÜÜt 01 
3.b00t 01 
3.600t 01 
4.2()0E 01 
l,0«Uh 02 
1.360E 02 
l.bOOE 02 
2.ü00fc 02 
2.25Ufc 02 
2,!>00fc 02 
2.950t 02 
3.300E   02 

I'^IPICt   IIUKBt-k ^A 

l./i) 

9.HIS4F. 02 
1.197f: 03 
1,31«F 03 
i.iblt 03 
1.4l?fc 03 
1.4llfi Oj 
l.Wif- Ü3 
1.486e 03 
l.*10fc 03 
1.359F 03 
1,1«1E 03 
1.12<if 03 
l,08«t 03 
1,Ü31E 03 
l.ü20t: 03 

U   (CM/SFC) 

l.nWE 03 
i.nut 03 
l.PÜHt 03 
1.361fc 03 
1.4^2E 03 
1.559E 03 

1.67U 03 
2.6h«fc 03 
P.qfe'fh Ü3 
3.18fct- 03 
3.'t9S)t 03 
3.673E 03 
3.fi<»ofc 0? 
'..IS^t 0 3 

1.4066 03 
1.728F 03 
2.1'.3fc 03 
2.?>04(- 03 
2.Hl^F    i)3 
3,2>-l^    ui 
3.<i9oE "3 
3,7826 "3 
9. 5^81- 03 
).18«)6 ij'f 

1.374( 1.14 
i.fi5M6 "4 
l.«2^t• 114 

2.33?F   i><* 
2,t>^46   i"« 
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FIG. 2 CHARACTERISTIC VISCOSITY CONSTANTS FOR CMC SOLUTIONS
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FIG. 3 RELAXATION TIME FOR CMC SOLUTIONS
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